During interphase, S. pombe cells contain dynamic bundles of microtubules that emerge from microtubule organizing centers in the center of the cell and extend toward the cell tips ( Figure 1 ). Mitochondria in these cells are tubular structures that can interact with microtubule bundles. However, mitochondria do not exhibit track-dependent movement along microtubules. Rather, they bind to dynamic microtubule bundles and move to and from the cell tips as their associated microtubule bundle elongates and shortens [3, 4] .
Microtubules therefore control mitochondrial position and movement in fission yeast; however, they do so by a mechanism that is dependent on microtubule dynamics not motor proteins. Actin polymerization drives protrusion of the leading edge during cellular migration and intracellular movement of bacterial/viral pathogens, endosomes, and budding yeast mitochondria [5] [6] [7] [8] [9] . However, mitochondrial movement in fission yeast represents the first documented motility mechanism that is dependent on microtubule polymerization and dynamics.
In the new study, Fu et al.
[2] identified a mitochondria-microtubule binder protein (mmb1p) in fission yeast. Deletion of mmb1 results in aggregation of mitochondria and accumulation of the aggregated organelle at the cell tips. It also results in defects in mitochondrial inheritance and loss of cell viability. Thus, mmb1p has functional interactions with mitochondria that affect the distribution and inheritance of the organelle. Furthermore, they obtained evidence for a direct role for mmb1p in mitochondria-microtubule interactions: mmb1p binds to mitochondria and to the lateral surface of microtubules, co-localizes with mitochondria and microtubules, and is required for association of mitochondria with microtubules. Finally, binding of mmb1p to microtubules dampens microtubule dynamics by reducing their shrinkage rate. This stabilization of microtubules promotes their interaction with mitochondria. In addition, reduced microtubule shrinkage biases their dynamics towards elongation, which promotes extension of microtubules and their associated mitochondria towards the cell tips.
Collectively, these findings support the model that mmb1p mediates binding of mitochondria to the lateral surface of dynamic microtubule bundles in S. pombe. This binding results in the uniform distribution of mitochondria as elongated tubular structures by two mechanisms: first, microtubule bundles serve as a scaffold to maintain the position of the organelle; and second, elongation of microtubules results in extension of mitochondria toward the cell tip ( Figure 1 ).
This study reveals the molecular basis of a motor-independent mechanism for microtubule function in organelle movement and distribution, and serves as a foundation for the identification of other proteins that contribute to this process. It also raises fundamental questions. Why does S. pombe use microtubule dynamics instead of a motor for mitochondrial movement? What is the benefit of maintaining mitochondria as extended structures that span the length of the fission yeast cell?
Fu et al. [2] offer possible explanations for both questions. They propose that the distances for movement in fission yeast are short compared with axonal transport and therefore do not require forces provided by motor molecules. Another point that bears on this question is that the dynamics of microtubules in fission yeast are distinct from those of microtubules in the axon. Microtubules in axons are more stable and therefore amenable for their role as tracks for organelle movement. In contrast, microtubule bundles in S. pombe are highly dynamic and can drive dynamics-based intracellular movement. Therefore, it is possible that fission yeast use this mechanism for mitochondrial position control and movement because the distances for movement are short and because the microtubule dynamics in S. pombe are well poised for driving movement.
Fu et al. [2] also offer an explanation for the benefits of maintaining mitochondria in an extended conformation. The defects in mitochondrial distribution that occur in S. pombe upon deletion of mmb1 lead to defective mitochondrial inheritance. Since mitochondria are essential organelles, cells that do not inherit mitochondria do not survive. Indeed, deletion of mmb1 can result in mitochondrial inheritance failure and cell death. This underscores the importance of mitochondrial inheritance in the cell-division cycle. However, since inheritance failure and loss of cell viability only occurs in 10% of the mmb1D cells examined, it is clear that mmb1p contributes to mitochondrial inheritance but is not a primary determinant of this process. An alternative proposal arises from studies in budding yeast and animal cells indicating that mutations that compromise mitochondrial distribution -including mutations in the machineries for mitochondrial motility, anchorage, fusion, and fission -result in defects in maintenance of mitochondrial DNA, which in turn results in defects in mitochondrial respiratory activity or defects in daughter cell lifespan determination [10] [11] [12] [13] . Therefore, it is possible that mmb1p-mediated mitochondria-microtubule interactions function in mitochondrial quality control.
Remarkably, Fu et al. [2] find that mitochondria maintain their tubular morphology in the absence of an interaction with microtubules. Release of mitochondria from microtubules by shortening of microtubules or drug-induced microtubule depolymerization does not result in an immediate loss of mitochondrial morphology. Indeed, although all mitochondria in S. pombe are tubular, only a fraction of the mitochondria in a fission yeast cell are associated with microtubule bundles.
Thus, microtubules are not required to maintain the tubular morphology of mitochondria in fission yeast. In budding yeast, mitochondria are tubular structures that rely on the actin cytoskeleton for positional control and movement [5] . Destabilization of F-actin and actin cables also does not result in an immediate loss of tubular mitochondria [14] . This raises the possibility that mitochondrial tubulation does not depend upon the cytoskeleton in yeast or potentially in other organisms.
The mechanisms that control mitochondrial shape are not well understood. Nonetheless, proteins have been identified that can generate, stabilize or detect membrane curvature [15] . Many of these proteins, like dynamin and some BAR-domain proteins, generate high membrane curvature that is associated with fission of organelles, including mitochondria. In contrast, the reticulon and DP1/Yop1 protein families generate low membrane curvature for the maintenance of the endoplasmic reticulum as tubules and sheets. Is it possible that a similar protein(s) may be responsible for the tubular structure of mitochondria?
Overall, Fu et al. [2] have identified a protein that binds mitochondria to microtubules and serves as a foundation for a novel mechanism for the control of mitochondrial position and movement that is independent of motor proteins but dependent on microtubule dynamics. This study underscores the importance of mitochondrial positional control in mitochondrial inheritance, and raises questions regarding the mechanisms that control the tubular structure of mitochondria. Although mmb1p does not appear to be conserved in mammalian cells, mitochondria are maintained as uniformly distributed tubular structures in many cells that have dynamic microtubules. Therefore, it is possible that the position and movement of mitochondria or other organelles in other cell types may be controlled by mechanisms that are independent of motors but dependent on microtubule dynamics.
The transcription factor Dmrt1 regulates male sexual development from flies and worms to humans. A newly discovered function is to suppress female differentiation in the testes. Thus, the gonadal fate decision is not final but has to be actively maintained throughout life.
Amaury Herpin and Manfred Schartl* Sex determination -the decision whether the bipotential gonad anlage will become a testis or an ovary -is a tightly controlled and highly complex developmental process. Twenty years ago, the Sry gene was discovered -the male sex determining gene encoded on the Y-chromosome of mammals [1] . SRY acts on the top of a genetic cascade of transcription factors and signalling molecules that operates from the somatic cells of the undifferentiated gonad to initiate the differentiation of these cells towards a functional testis [2] . A lot of evidence suggested that the female fate is the default fate, which needs to be suppressed to allow for Sry-triggered male differentiation. Furthermore, the early decision towards male or female development was viewed as final. However, Sry is not widely conserved and is not even present in non-mammalian vertebrates. Indeed, most other genes at the top of the sex-determination cascade are not conserved in evolution, while genes further downstream have kept their function and position in the network over longer evolutionary periods [3, 4] . Now, however, new results challenge our basic notions of the function and evolution of the sex-determination pathway.
These results come, surprisingly, from a gene that was regarded as one of the 'underdogs' of sex determination because of its subordinate role in the cascade; Dmrt1, a transcription factor of the DM domain family, is the most highly conserved member of the sex determination network, having homologues even in worms and flies [5] [6] [7] . And it is the most downstream 'worker' in the genetic hierarchy. Dmrt1 knockout XY mice are born as males, although their testes later develop abnormally [6] , leading some to rate it as a less important sex differentiation gene. Now, work from the Zarkower and Bardwell labs [8] changes not only our view on DMRT1 but also corrects the general picture of sexual development. Using intricate genetic mouse models Matson et al. [8] show that male sex determination is not a permanent choice and that Dmrt1 is crucial for maintenance of testicular function. Integrating these findings with recent work on other sex determination genes [9] [10] [11] leads to an exciting new picture of how the male or female identity of the gonad is established and maintained.
